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(54) Overioad coupling 

(57) A device for transmitting rotational power from 
a rotational power source to a driven device having a 
drive shaft includes at least one elastic connecting 
member defining outer and inner peripheral surfaces. 
Rrst and second holder members radially cooperate 
with each other to drcumferentially hold the at least one 
elastic connecting member during normal operation to 
transmit the rotation, and are disconnected t>y the defor- 
mation of the at least one elastic connecting member 
when the torque on the cfrive shaft exceeds a predeter- 
mined cutoff torque level. A weakened portion is pro- 
vided at least one of the first and second holder 
members. The weakened portion aids the deformatkxi 
of at least one of the first and second holder menft>er8 
to reduce a torsional spring coefficient which is defined 
by the ratio of the relative rotational angle t)etween the 
first and second holder member to the torque on the 
drive shaft. 
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Description 

Cross-reference to Related Application 

Reference is made to commonty assigned copend- 
ing Application No. 08/807,393. entitled "A DEVICE 
FOR TRANSMITTir^ ROTATIONAL POWER**, f Oed on 
February 27, 1997. 

BACKGROUND OF THE INVENTDN 

1 . Field of the Invention 

The invention relates to a device for transniitting 
rotational power from a rotational power source such as 
an automobile engine to a rotational driven device such 
as a refrigerant compressor for an air conditioner. The 
device can rotalionaDy separate the driven device from 
the rotational power source when the torque transmitted 
exceeds a predeternn'ned cutoff torque level, that is, the 
device functions as a torque limiter. 

2. Description of the Related Art 

Japanese Unexamined Patent Publication (Kbkai) 
No. 8-1 35752 describes a rotational power transmission 
device which can limit the maximum torque transnvs- 
sion and absoib a fluctuation in the toique. Thedevice 
trarsmils rotational power from a rotational power 
source, such as an automobile engine, to a driven 
device, such as a compressor used in an aulonrK>bile air 
conditioning system. The device comprises an elastic 
connecting member defining radially outer and inner 
peripheral surfaces. Rrst arxi secorxJ holder members 
are provided to radially cooperate with each other to dr- 
cunrferentially hold the elastic connecting member dur- 
ing normal operation to transnA the rotation, and are 
discormected by the deformation of the elastic connect- 
ing member when ttie torcpje on the drive shaft exceeds 
a predetermined cutoff torque level, for example when 
the drive shaft of the compressor is locked by a failure 
such as seizing in the compressor and the torque on the 
device exceeds a predetermined cutoff torque level. 

In the prior art rotational power transmission 
device, hcwey/er, the elastic connecting menft}ers can- 
not deform suffidentty to cfisengage at the predeter- 
mined cutoff torque level when the temperature of the 
elastic connecting meml>er is low. Thus, the device of 
the prior art has a problem that it cannot disconnect the 
rotational power transmiss'ion when the temperature of 
the connecting memk>er is low during a winter season. 

SUMMARY OF THE INVENTION 

TTie invention is directed to solve the atxive men- 
tioned prior art problems, and the ot)jective of th inven- 
tion is to provide a rotational power transmission device 
improved to disconnect the rotational power transmis- 



sion at a predetermined cutoff torque level if the temper- 
ature of the elastic connecting member is low. 

Further, the objectiv of the invention is to provide a 
rotational power transmission device in which the dura- 
5 bility of the elastic connecting member is improved 
while preventing the cutoff torque level from being too 
high. 

According to the invention there is provide a device 
for transmitting rotational power from a rotational power 

10 source to a driven device having a drive shaft. The 
device for transmitting rotational power comprises: at 
least one elastic connecting member defining outer and 
inner peripheral surfaces; a first holder member, for 
holding the at least one elastic connecting member at 

IS the really outer or inner periphery of the at least one 
elastic connecting member, tiie first holder member 
being connected to the drive shaft, and a second holder 
member for holding the at least one elastic connecting 
member at the radially inner or outer periphery of the at 

20 least one elastic connecting rnenher, the second holder 
member is operatively connected the rotational power 
source. The first and second holder memt>ers racfially 
cooperate with each other to drcumferentially hold tfie 
at least one elastic connecting member during normal 

25 operation to transmit the rotation, and is disconnected 
k)y the deformation of the at least one elastic connecting 
memk>er when the torque on tiie drive shaft exceeds a 
predetermined cutoff torque level. A weakened portion 
is provided at least one of the first and second holder 

30 members. The weakened portion aids the deformation 
off at least one off the first and second holder members 
to reduce a torsional spring coeff ident which is defined 
by the ratio of the relative rotational angle t)etween the 
first and second tiolder member to the torque on the 

35 drive shaft 

According to the invention, the disengagement off 
the elastic connecting member from one of the first and 
second bolder members disconnect the torque trans- 
mission when the torque on the drive shaft exceeds a 

40 predetermined cutoff torque level. The elastic cormect- 
ing member absorb a fluctuation in the torqua Further, 
the weakened portion akis the ctefbrmation off at least 
one off the first and second hokJer menfoers to cutoff ttie 
torque transmissfon at tiie predetermined cutoff torque 

45 level if the temp^ture of ttie connecting member is low 
so that the deformation of the connecting member 
decreases. 

DESCRIPTION OF THE DRAWINGS 

so 

These and other objects and advantages and fur- 
ther description will now be discussed in connection 
witti the drawings in which: 

55 Figure 1 is a partial section of the device for trans- 
mitting rotational power according to tti first 
embodiment of tiie invention In which the device is 
mounted to a drive shaft of a compressor for use in 
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an automobile air conditioning system; 

Figure 2 is a front view of tfie device of Rgure 1 in 
wfiich the elastic connecting member is irxlicated 
by dots to shew clearly; 

Figure 3A is a front view of the holder member with 
connecting members adhered to the holder mem- 
ber according to the embodiment of Figure 1 ; 
Fi^re 3B is a section of the holder memt>er and the 
connecting menft)er8 along line III - III in Figure 3A; 
Figure 4A is a front view of the holder merTt>er 
according to the embodiment of Rgure 1 ; 
Figure 4B is a section of the holder member along 
line IV - IV in Rgure 4A; 

Figure 5 illustrates a system diagram of devices on 
an automobile engine to wfiich the device of the 
invention is applied; 

Figure 6A is a partial section of ttie deme for trans- 
mitting rotational power similar to Figure 1 in which 
the device is not deformed; 
Figure 6B is a section similar to Figure 6A but the 
device is deformed to release tiie connecting mem- 
bers; 

Figure 7 is a front view of the device of Rgure 1 in 
which the device is deformed; 
Figure 8 illustrates an experimental result of the 
devices according to the first emtxxiiment and the 
prior art; 

Figure 9 is a partially enlarged view of a compara- 
tive example; 

FiG^re 10 niustrates tiie characteristics of the tor- 
sional spring coefficient of the devices according 
the invention and the comparative example; 
Figure 1 1 is a partially enlarged view, similar to Fig- 
ure 9, of tfie invention; 

Figure 12 illustrates the characteristics of tiie tor- 
sional spring coeffident of the devices according 
the invention arxl the oorrparative example for com- 
paring the effect of the short and long foot portions 
of tiie connectnig members and walls; 
Figure 13 is a partial section, similar to Rgure 1, of 
the device according to the second embodiment of 
the invention; 

Figure 14 is a front view, similar to Rgure 2, of the 
device of Rgure 13; 

Figure 15 is a partial front view of the device 
according to the third embocfiment in which a single 
connection member in the form of a ring is pro- 
vided; 

Figure 16 is a front view of tiie connecting memt)er 
according to tiie third embodment; 
Figure 17 is a front view, similar to Rgure 2. of the 
device according to the fourtti embodiment; 
Figure 18 is a partial section, similar to Rgure 1, off 
the device according to the f iftti embodiment; 
Figure 19 6 a front view, similar to Rgure 3, of the 
holder memt>er and the connecting memk>ers 
according to the seventh embodiment; and 
Figur 20 is a front view, similar to Figure 2, of the 



device according to ttie eightti embodiment 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

5 

With reference to Rgures 1 and 2. a rotational 
power transmission device according to the first embod- 
iment of the invention comprises a pidley 1 for receiving 
rotational driving power from an automobile engine (not 

10 shown) as a rotational power source. Tiie pulley 1 
includes a rim 1a witii a plurality of V-shaped grooves 
adapted to engage V-shaped belts 21 (Figure 5). and is 
operationally connected to a crank shaft (Rgure 5) of 
the automobile engine tfirough V-shaped belts 21 . 

IS Rgure 5 illustrates an example of a drive system for 
devices on the automobile engine. The system includes 
a crank pulley 20 whk;h is connected to the crank shaft 
of the automobfle engine. The t)elts 21 extend from the 
crank pulley 20 via water pump pulley 22 of a water 

20 pump in a cooling system of tfie automot)ile engine, an 
alternator pulley 23 of an altemator for charging a tot- 
tery, a hydraulic pump pulley 24 of a hydraulic pump for 
a power steering system, and the pulley 1 . Tension pul- 
1^ or kJle pulleys 25, 26 and 27 are provided for apply- 

2S ingatensiontothet>etts21. 

Referring to Rgures 1 and 2 again, the pulley 1 is 
connected to a rotor 2 by an appropriate connecting 
metiKxi such as weMing. The rotor 2 is mounted on a 
cylindrical support 5a, which outwardly extends from a 

30 front housing 5 of a compressor 4 as a driven device, fcyy 
a bearing 3 for rotation. The compressa 4 is of a varia- 
t)le displacement type for use in an automotx'le air con- 
ditioning system (not shown). The compressor 4 
comprises a front housing 5a and a rear housing (not 

35 shown) connected to each ottier to form a cylinder block 
including a plurality of parallel cylinder bores disposed 
atx)ut the axis. A drive shaft 6 extends through the cyl- 
inder block along the axis. Connected to the drive shaft 
6 through a swvash plate (not shown) are reciprocating 

40 pistons (not shown) to be provUed within tiie cylinder 
bores. Changing the angle of the swash plate continu- 
ously cfianges the displacement of the compressor 4 
within a range of 0 - 100%. Using a variable displace- 
ment type compressor avoids the necessity of an elec- 
ts tromagnetic clutch for, an on/off operation of the 
compressor. 

A detailed desaiption regarding the compressor 4 
and the automobile air conditioning system is disclosed 
in USP No. 5,683,299, which is incorporated herein t>y 
so reference, thus no further description is made to avoid 
redundancy. 

The rotational power transmission device further 
comprises a first hub 7 with a flange portion, an end 
plate 9 and a bolt 8 threadly connected to the end of the 
ss drive shaft 6. In particular, the first hub 7 is connected to 
the drive shaft 6 through a spline connection to prevent 
the relative rotation theret>etween. 

Connected to the first hub 7 by rivets 11 isasecond 
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hub 1 0 which is formed into a ring plate with a cyfindrical 
wall 12 extending along the outer periphery of the sec- 
ond hub 10. The second hub and tiie cylindrical wall 12 
provides a first holder mefTt>er. The wall 12 includes a 
plurality of pairs of radially outwardly convex portions 5 
1 2A arranged along th periphery of the second hub 1 0 
(refer to Rgure 2) and concave portions 12B between 
the respective pairs of convex portions 12A. Further, a 
pair of foot portions 12D are defined on the pair of the 
convex portions 12A opposite to the concave portion 
12B. The convex and concave portions 12A and 12B 
and the foot portions 12D provide an engagenient force 
in the peripheral direction as descrbed hereinafter. 

A holder memt)er 13, which provides a second 
holder inenit>er, sut>stantially in the form of a ring, is 
provided to hold a plurality of elastic connecting menv 
bers 15 by cooperation with the cylindrical wall 12 of the 
second hub 10. The elastic connecting members 15 are 
adhered to the holder member 13. 

According to this embocfiment, four elastic connect- 
ing merTt>ers 1 5 are shown in Figure 3A as an exampla 
The holder memi)er 13, as shown in Rgures 3A and 38, 
also includes a plurality of outwardly convex arxJ con- 
cave portions 13A and 138 alternatively arranged along 
its periphery. The holder mesrber 13 further includes 
dannping portions 13C, for axially clamping the elastic 
connecting memk>er 15 by cooperation with the second 
hub 10 and flange portions 13D. 

The clamping portions 13C substantially have an L 
shape section wNch includes axial and radial portions. 
The axial portions of the clamping portions 13C define 
the convex and concave portions ISA and 138. The 
flange portions 13D also substantially have an L shape 
section with axial and radial portions. The axial portions 
of the flange portions 13D extend further tfian those of 
the darrping portions 13C. The flange portions 13D 
include through holes 13E into which rivets 14 are fitted 
to secure tiie holder merriber 13 to the pulley 1 . 

Each of the elastic connecting members 15 
includes a sector portion 15E and an engagement por- 
tion 15D (Figure 38). The engagement portion 15D 
defines a pair of outwardly convex portions 15A and a 
concave portion. 158 between the convex portions 15A. 
A pair of foot portions 1 5A* are defined on the pair of the 
convex portions 15A opposite to the concave portion 
158. The foot portions 15A* of the elastic connecting 
members 15 engage the foot portions 12D of the wall 
12. 

The elastic connecting members 15 are preferat>ly 
made of an elastic material, which can transfer a torque 
and absorb a variation in the torque, witfun a tempera- 
ture range for use an automobile (for example, -30 to 
120 degrees Celsius), such as a rubt>er material, prefer- 
ably, chlorinated butyl rubber, acrylonrtrile-butadien rut>- 
ber or ethylene-propylene rubber. In Rgure 2, the elastic 
connecting member 15 is indicated t>y dots. 

During assembly, the elastic connecting meml^rs 
15 are clamped between the clamping portions 13C of 



the holder member 13 and the second hub 10 so that 
the elastic connecting menrt>ers 15 are disposed at an 
angle atx>ut the axis. When assembled, the outwardly 
convex and concave portions of the elastic connecting 
members 15 are mated to those of the wail 12andofthe 
holder member 13 to provide the positive engagement 
between the hub and wall 10 and 12, elastic connecting 
members 15 and the holder member 13. 

The radial portions of the danping portions 13C 
prevent the elastic connecting members 15from moving 
in the axial direction. The difference, in the axial length, 
t>etween the flange portions 13D and the clamping por- 
tions 13C of the holder member 13 allows the elastic 
connecting memt>er5 15 to be axially separate from the 
outer end face of the pulley 1 , which reduces the con- 
tamination on the elastic connecting members 1 5 due to 
oil from the compressor 4. 

The thickness of the elastic connecting members 
15 is slisthfly larger than the distance between the sec- 
ond hiib 1 0 and the damping portions 1 3C of the holder 
m&trber 13. Thus, tfie elastic connecting menters 15 
are pressed therebetween, wfien assembled, to ensure 
the engagement with the second hub 10 and the holder 
memk>er 1 3 through the convex and concave portions in 
addition to the adhesion of the connecting members 15 
to ttie holder member 13. The positive engagement 
operatively connects the holder meiTt>er 13 to the seo 
ond hub 10. Thus, the rotation is transmitted from the 
pulley 1 to the drive shaft 6 of the oonrpressor 4 through 
tiie holder memt>er 13, the elastic connecting memt>er5 
15. the second hub 10 and the first hub 7. 

A plurality of radial slits 12C, in this embodiment 
four slits, are provided in the second hub 10 and the 
cylirxirical weiII 12 at an angle about the axis. In particu- 
lar, the slits 12c extend from radially middle portions of 
the second hub 10 through tfte peripheral wall 12 to 
divide the wall into portions, in this emtxxliment into four 
portions. Further, the slits 12C are preferat)ly disposed 
in the hub and wall 10 and 12 between the elastic con- 
necting members 15as shown in Rgure 2. This disposi- 
tion of the slits 12c does not deteriorate tfie 
dimensional accuracy of the radially outwardly convex 
and concave portions 12A and 128 of the wall 12. The 
slits 12c fadlitate tiie second hub 10 to deform. The 
deformation of the second hub 10 moves the cylindrical 
wall 12 in the axial arxl peripheral directions, as 
described hereinafter. 

The operational function of the embodiment will t>e 
described. 

The rotation of the crank pulley 20 (Rgure 5) of the 
automobile engine is transmitted to the pulley 1 ttirough 
the belt 21 (Figure 5). The second hub 10 is rotated 
through tiie positive engagement between the elastic 
connecting mentiers 1 5 and the hokier member 13 and 
the elastic connecting members 15 and the wall 12 of 
the second hub 10. Thus, th driv shaft 6 of the com- 
pressor 4 is rotated by the rotating pulley 1 through th 
hdder meiTt>er 13, the elastic connecting members 15 
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and the walil 2 off Ihe second hub 1 0. 

During the normal operation of the compressor 4, a 
torque, in general 20 Nni. akx>ut the drive shaft 6 is 
applied to the elastic connecting menri>ers 15. For the 
normal torque of about 20 Nm, the elastic connecting 
members 15 can transmit the rotational power while the 
elastic connecting members 15 deform to absorb a fluc- 
tuation in the torqua Thus, the noise due to the torque 
fluctuation is reduced. 

The elastic connecting members 15 deforms to dis- 
engage from the wall 1 2 of the second hub 10 when the 
toque about the drive shaft 6 exceeds a predetermined 
cutoff torque level, which is referred to a cutoff torque 
level, for example 70 Nm due to a failure of the com- 
pressor. During the deformation and disconnection of 
the elastic connecting members 15, the pulley 1, how- 
ever, continues to rotate, which results in the rotation of 
the elastic connecting members 5 and in reengagement 
of the members. When the failure is sG^ and the drive 
sliaft 6 is locked temporarily, the engaged elastic con- 
necting members 15 can transmit the rotation to the 
drive sfiaft 6. Thus, the compressor 4 can operate again 
automatically When a significant failure occurs in the 
compressor 4 and the drive shaft 6 is permanentiy 
locked, the wear and tear on the elastic connecting 
members 15 completely separates the drive shaft 6 
from the pulley 1. Thus, the failure on belts 21 or the 
other devices 22, 23 and 24 lor the automobile engine is 
prevented. 

In a warn season from spring to autumn, the tem- 
perature of the elastic connecting memt>ers 15 is kept 
high enough to deform and disengage easily. On the 
other hand, in a winter season, the temp^ture of the 
elastic connecting members 15 can fall so HhsA, even at 
the cutoff torque level, the elastic connecting memt>ers 
15 do not deform suffidentty to cutoff the transmission 
of the rotational power if the secorxl hub arxJ wail 10 
and 12 do not include the slits 12C. As mentioned 
above, the slits 1 20 facilitate the deformation of the sec- 
ond hub 10 to move tfie wall 12 in the axial and periph- 
eral directions so that the cold cured elastic connecting 
members 15 can disengage from the wall 12. Figure 6A 
Is a partial section of the device in which the hit> and 
wall 10and12donotdefbrm, andRgures6Band7are 
a partial section and a front view of ttie device, respec- 
tively, in which the second the hub arxi wall 10 and 12 
deform Since the second hub and wall 10 and 12 are 
made of a metallic material, as mentioned alx>ve, their 
deformation properties do not sut>stantially deperxJ on 
the temperature around an automobile. Thus, the con- 
figuration of the embodiment enables the devrce to cut- 
off the rotational power at substantially a constant cutoff 
torque level, even under a very low temperature oondi- 
tkm. for exarrple at -20 degrees Celsius. 

Figure 8 illustrates an experimental result of the 
emtxxiiment, in which th abscissa indicates the rota- 
tional angle of the holder member 13 relative to the hub 
and wall 10 and 12, and the ordinate indicates ttie 



torque about the drive shaft 6. In Figure 8, the solid 
curve presents the device according to the embocRment 
in which the second th hub and wall 10 and 12 include 
the slits 12C. The broken line presents a device without 
5 the slits. The experiment was carried out under the 
ambient temperatur of 0 (zero) Celsius degree. As can 
be understood from Figure 8, ttie slits 12C reduces the 
maximum torque transmissbn from about 85 Nm to 60 
Nm. 

10 in this specifkation, ttie ratio of the relative rota- 
tional angle between the hub 10 and ttie holder memk>er 
13 to the torque defines "torsional spring coeffidenT. 
Acoorcfing to the embodiment, witfiin the low torque 
range (0-30 Nm). ttie torskxial spring coeffident is high 

IS since the increase of the angle is small relative to the 
increase of the torque. On the other hand, within ttie 
high torque range (at)0ve 30 Nm), the deformation of 
the hiA> and wall 10 and 12 promotes the increase in the 
angle to reduce the ooeff k:ienL Thus, when the torque is 

20 relatively high, the torsk>nal spring coeff toient decrease 
to prevent ttie increase in the cutoff torque lerel becom- 
ing too high if the temperature is low. On the other hand, 
when the torque is relatively tow. the coeffrcient 
increases to deaease the deformation of the resilient 

25 elastic connecting merTt)ers 15 so that the durability of 
the members 1 5 IS improved. 

Rgure 9 shows an example for comparison in wfiich 
a portion of ttie wall 12, one of the el^tic connecting 
members 15 and a portion of the holder mennber 13 are 

30 illustrated. The wall 12 indudes a pair off outwardly con- 
vex portions 12A and a single outwardly concave por- 
tion 12B t>etween the convex portions 12A for each off 
the elastic connecting members 15. The concave por- 
tion 1 2B mates to the concave portion 1 5B of the elastic 

35 connecting member 15. A plurality of pairs of cavities 
are provided k>etween the wall 12 and the foot portions 
15A' of the elastic connecting members 15. 

In Rgure 9, the rotational cfirection is indicated by 
arrow RA. The elastic connecting member 15 receives 

40 force from the wall 12 to deform opposite to the arrow 
RA. The deformation results in the relative rotational 
angle between ttie wall 12 and hoMer member 13. 

Ontheottier hand, in this emtxxiiment of the inven- 
tion, the wall 12 indudes first and second radially con- 

46 cave portions 128 and 12D. The second concave 
portions 12D engage the front foot portions 15A* so that 
the fonvard cavities between the wall 12 and the elastic 
connecting memt)er 15 are removed to increase the tor- 
sional spring coeffident, as shown in Rgure 1 1 . 

50 Witti reference to Rgure 10, lines I and III present 
the characteristics of the torsional spring ooeffidents of 
the comparative exar^ple shown m Figure 9 and the 
embodiment shown in Figure 11, respectively. In Figure 
10, line II presents anotiier exanple, in which ttie wall 

55 1 2 do not indude the first concave portions and indude 
only the second concave portion which engages tiie for- 
ward foot portions 15A* of the elastic connecting mem- 
bers 15. 
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Regarding the radial width of the elastic connecting 
memt)er. the elastic connecting member 15 has a width 
W1 of the concave portion 15B which is larger than a 
width W2 of the foot portion 15A\ as shown in Rgure 

1 1 . The line II shows that the atx)ve radial dimensional 5 
feature has a characteristic tfiat the transmitted torque 
reaches the maximum value at a low relative rotational 
angle and the torsional spring coefficient is small. 

The characteristic of the inventive device shown b/ 
the line III sut)6tantially corresponds to the corrt}inalion 
of lines I and II. and is that the torsional spring coeffi- 
cient Is relatively high within the low torque range, and is 
relatively low within the high torque ranga For example, 
when the torque is Tq in Rgure 10 which sut>stantially 
corresponds to the real torque on the drive shaft 6 dur- 
ing the normal operation of the compressor 4. the rela- 
tive rotational angle between the wall 12 and the holder 
member 13 is^ according to the invention, B2 which is 
smaOer that that of Bt according to the comparative 
example. Thus, according to the invention, the defbrma- 
ti n of tfie elastic connecting tn&rrber 15 is smaller 
compared with the example wherelsy the durability 
thereof is improved. 

Further, according to the invention, the torsional 
spring coefficient decreases at the relatively high torque 
since the contritxition of the engagement between the 
foot portions 12D of the wall 12 and tiie foot portion 15A* 
of flie elastic connecting members 15 decreases as 
sfKTwn by the line II, which makes the cutoff torque level 
TI of the invention same as the comparative exampla 
According to the embocfiment the deformation of the 
elastic connecting member 15 decrease during the nor- 
mal operation of the compressor 4 to irnprove the dura- 
txiity of the elastic connecting member 15 while the 
cutoff torque level is limited to the level TI the same as 
the comparative example. 

The torsional spring coeffident of the device is 
adjustable t>y changing the lengtii of tiie foot portion 
15A', which also changes the contrflDution of the 
engagement between tfie foot portion ISA' and the wall 

12. With reference to Figure 12, the effect of the length 
of tiie foot portion 15A' is illustrated. The lines 1, II and III 
are the same as shown in Rgure 1 0. Exarrples in which 
longer foot portions are employed are indicated wHh a 
prime. 

Incidentally, it may fc>e understood that the wall 12 
may include the front and rear foot portions 12D to 
erYgage botti the front and rear foot portions ISA* of the 
elastic connecting member 15 as shown in Rgure 2 
while, in Rgure 11, only the front foot portions 12D of 
the wall 1 2 engage the front foot portions 1 5A*. 

The second embodiment of the invention will t>e 
described hereinafter. 

Rgures 13 and 14 illustrate the second emtxxti- 
ment. in which the slits 12C are provided only in the wall 
12 while, in the first emtxxjiment, the slits 12C are pro- 
vided in the second hid> and wall 10 and 12. The other 
configurations ar identical to those of tiie first embodi- 



ment. 

According to tiie second embodiment, the length of 
the slits 12c is shorter than those in the first embodi- 
ment so that the deformations of the hub and wall 10 
arxi 12 decrease compared with the first embodiment. 
The reduction off the deformation of the hub and wall 10 
and 12 can be compensated by appropriately selecting 
the material and the configuration of tfie elastic connect- 
ing memt)er8 1 5. in particular tfie lengtii of the foot por- 
tions ISA*. The short slits 12 reduce the plastic or 
permanent deformation of the hub arxi wall 10 and 12. 

The third embodiment of the invention will be 
descrbed hereinafter. 

With reference to Rgures 15 and 16, the third 
emtxxliment includes a single resilient elastic connect- 
ing member 15 in the form of a ring while tfie first and 
seoorxi embodiments include four elastic connecting 
members 15. 

The elastic connecting member 15 is substantially 
formed into a ring, which includes a plurality of out- 
wardly convex and concave portions ISA and 15B alter- 
natively arranged along its periphery. During assenfMy, 
the elastic connecting member 15 is clamped between 
the dairping portions 13C of the holder member 13arKl 
the secofxi hub 10 so tfiat the outwardly convex and 
concave portions of the elastic connecting meni>er 15 
are mated to those of the wall 12 of tfie second hub 10 
and of the holder member 13. 

The thickness of the elastic connecting member 1 5 
is slightiy larger than tiie distance between the second 
hUb 10 and tfie damping portions 13C of the hokJer 
member 13. Thus, tiie elastic connecting member 15 is 
pressed therebetween, when assenMed, to ensure the 
engagement with the secorxl hub 10 and the holder 
member 13 through the convex and concave portions. 
The positive engagement operatively connects the 
holder member 13 to the second hub 10 as mentioned 
atx>ve. 

The elastic connecting member 15 further indudes 
a plurality of outwardly concave recesses 15C. on the 
outwardly convex portions ISA, for aidng the delorma- 
tton of the elastic connecting member 15. The cylindri- 
cal vrall 12 and the recesses ISC define relieving 
dearances 12E, whk;h fadlHate the deformation of the 
elastic connecting memk)er 15. The dearances 12E 
also function to relieve the deformation of the elastic 
connecting member 1 5 during assembling by permitting 
a portion of the elastic connecting member IS to enter 
the dearances so that the dimensional tderarx^e of the 
parts is compensated for to ensure the predetermined 
cutoff torque. 

Selecting the size arxi configuration aDows a 
designer to set a cutoff torque lerel at whtoh the elastic 
connecting memt>er 15 deforms to disconnect the rota- 
tional power transmisston from the holder memt}er 1 3 to 
th second hub 10. 

The hub and wall 10 and 12 may t>e provided with 
slits similar to slits 12C in th first and second embodi- 
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ment. Further, foot portions similar to those mentioned 
abo\re may k>e provided in the elastic oonnecting mem- 
ber arKi the wall to adjust the toisional spring cx>eff ident 
of the device. 

With reference to Rgure 1 7. the fourth embodiment 
of the invention will be described. 

According to the fourth embodiment bridged por- 
tfons 12C\ for increasirig the stiffness of the second hub 
and wall 10 and 12. are provided between the hub 10 
and the wall 12 so as to cross the sfits 12. In the first 
embodiment, the slits 12 extend from the radially middle 
portions of the second hub 10 through the wall 12, 
which may overly reduce the stiffness of the hub and 
wall 10 and 12 for several applications, in particular, the 
compressor 4 is a type of high speed compressor. The 
higher the rotational speed of the compressor 4, the 
higher the centrifugal force applied on the hub and wail 
10 and 12, which results in the plastic or permanent 
deformation of the hUb and waD 10 and 12 when the 
stiffness thereof is insufficient 

The bridged portions 12C' provide a reinforcement 
to the hub and wall 10 and 12 so that the hub and wall 
10 arxJ 12 can bear the centrifugal force without plastic 
or permanent deformation at a high rotational speed. 
For the cold cured elastic connecting memt>ers 15. the 
bridged portions 12C* will break to aid the deformation 
of the hub and wall lOand 12when the torque about the 
drive shaft 6 exceeds the cutoff torque level. 

With reference to Figure 18, the fifth errtxxlinnent of 
the invention will k>e described. According to the fifth 
enfoodiment, bridge portions 12C', which correspond to 
those in the fourth enriiodiment, are provided in the wall 
12 so as to cross the slits 12. 

Bridge portions may t>e provided in the secorxl hub 
10 to cross the slits 12. 

Further, in order to reduce the centrifugal force on 
the hub and wall 10 arxJ 12, according to the six embod- 
iment of the invention, the hub and wall 10 and 12 are 
made of a material which has a density smaller than the 
steel material, for example, a aluminum material or a 
resin material. The smcdler the density of the material 
for the hub and the wall, the smaller the centrifugal force 
which acts on them to reduce the deformation thereof. 

According to Rgure 19, the seventh embodiment of 
the invention will be descril>ed. Rgure 19 is a front view 
of the device according to the seventh embodiment in 
which the first and second hut)s 7 and 10 and the wall 
12 are removed. The holder member 13 includes four 
slits 13F in the radially outwardly convex portions 13A. 
The slits 13F extend from the end wall 13G to the radial 
portions of the darrping portions 13C through the axial 
portions of the dairping portions. The four slits 13F 
divide the holder merrfoer 1 3 into four sectors which are 
connected by the end wall 13Q. 

According to the seventh embodiment, tor the cold 
cured elastic connecting memt)er5 15. the sirts 13G 
allows tfie holder member 13 to deform in the radial 
direction when the torqu about th drive shaft 6 



BKceeds the cutoff torque level. Thus, the elastic con- 
necting members 15 disengage from the wall 1 2 to cut- 
off the rotational power transmission. 

The centrifugal force on the holder meni^ 13 
5 forces it to the inner faces of the elastic oonnecting 
member 15. Therefore, the wall 12 si4)pons the holder, 
member 13 through the elastic connecting merTt>er8 15 
so that the plastic deformation of the holder ment)er 1 3 
is inhibited. 

70 With reference to Figure 20, the eighth embodiment 
of the invention will be desorHbeti. According to the 
eighth embodiment, sIHs 12C are provided In the sec- 
ond hub and wall 10 and 12. and slits 13F are provided 
in the holder member 13. For a relatively low rotational 

IS speed (for example, up to 6000 rnp) of the compressor 
4, the centrifugal force on the hub and wall 10 arxi 12 
are so small that the hub and wall 10 and 12 do not 
deform plasticaOy if the slits 12C are provided. Thus, in 
this case, the hub arxi wall 10 and 12 do not deform 

20 plastically even if the slits 120 are provided. 

Further, making tfie hub and wall 10 and 12 of a 
material having a high yield stress point prevents the 
plastic deformation due to the centrifugal force at a high 
rotational speed, for example 12000 rmp without the 

25 bridge portions 12C\ Thus, according to the eighth 
embodiment the slits 120 and 13F are provided in the 
hub and wall 10 and 12 and the holder member 13 so 
tfiat the coti cured elastic connecting merTi)ers 15 can 
disengage through the plastic deformation off the hub 

30 and wall 10 and 12 and the holder member 13. 

The elastic connecting member(s) 15 can disen- 
gage from the holder member 1 3 to disconnect the rota- 
tional power transmission by deformation of the radially 
inner side thereof when an exceeding torque is applied 

35 on the hokJer member(s) 1 5 for exarrple when the com- 
pressor 4 is locked although, in the above-described 
emtxxfiment the elastic connecting memb^s) 15 
deforms at the radially outer periphery thereof to disen- 
gage from the wall 12. In this case, ttie device includes 

40 a configuration similar to that of foot portions of the elas- 
tic connecting mennbers and the radially recessed por- 
tions of the wall. Furttier, flie elastic oonnecting 
members 15 may be acfliered. at the outer periphery 
thereof, to the radially inner face of the wall 12. 

45 Furthernrxxe, altfiough the slits 120 are made to 
open at one end thereof in the first embodiment the slits 
120 may by formed into closed sIHs. Likewise, the slits 
13F in \ha hokier memt>er 13 can be formed into closed 
slits. Altogether, the slits 120 and 13F may be formed 

50 into any shape which can provkfe weakened portions 
akling the deformation of the hub and wall 10 and 12 
and the hoUer member 13. 

Furthennore, the elastic oonnecting members 15 
include flat surface without the convex and concave por- 

55 tions to which the hokier member 13 or the wall 12 is 
adhered. 

Furthermore, the device of the invention can 
indud a hokier memk)er which is connected to the pul- 
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ley 1 and engages the radiaDy outer surface off the elas- 
tic connecting member(s) 15 and a hub and mO 12 
which is connected to the drive shaft 6 and engage the ' 
radially inner surface of the elastic connecting mem- 
bef{s) 15 although the holder memt)er 13 and ttie wall s 
12 engage the Inner and outer surfaces of th elastic 
connecting member(s) 15, respectively, in the abcve- 
descrit>ed embodimenL 

It will also be understood by those skilled in the art 
that the forgoing desaiption is of preferred embodi- io 
ments of the disclosed device and that various changes 
and modifications may be made witfKXit departing from 
the spirit and scope of tiie invention. 

aaims IS 

1. A device for transmitting rotational power from a 
rotational power source to a driven device having a 
drive shaft, the dmoe lor transmitting rotational 
power comprising: 20 

at least one elastic connecting member defin- 
ing outer and inner peripheral surfaces; 
a first holder member, for holding the at least 
one elastic connecting member at the radially 25 
outer or inner periphery of the at least one elas- 
tic connecting member, the first holder menrt>er 
being connected to the drive shaft; 
a second holder memk)er for holding the at 
least one elastic connecting member at the 30 
radially inner or outer periphery off the at least 
one elastic connecting member, the secorvi 
holder merTA>er being operatively connected 
the rotational power source; 
the first and second holder memt)ers radially 35 
cooperating with each other to drcumferentially 
hold the at least one elastic connecting mem- 
ber during normal operation to transmit the 
rotation. arxJ t>eing disconnected by the defor- 
mation of the at least one elastic connecting 40 
member when the torque on the drive shaft 
exceeds a predetermined cutoff torque level; 
and 

a weakened portion, provkled at least one off 
the first and second holder members, for aiding 4S 
the deformation of at least one of the first and 
second holder members to reduce a torsional 
spring coefficient which Is defined by the ratio 
off the relative rotational angle between the first 
and second holder member to the torque on so 
the drive shaft 

2. A devwe for transmitting rotational power according 
to daim 1 in which the weakened portion is pro- 
vided in one of the f orst and second holder members 
engaging the radially outer periphery of the at least 
one of the elastic connecting members. 



3. A device for transnriittingrolatk)nal power according 
Id daim 2 in vvhich one of 1h first and second 

- tiolder members, which engages th radially outer 
periphery of the at least one of the elastic connect- 
ing memt>ers, is made of a material having a den- 
sity less than that of a steel material. 

4. A device for transmitting rotational power accoicfing 
to daim 3 in whk:h the weakened portion is pro- 
vided in one off the first and second holder members 
which engages the radially inner periphery of the 
elastic connecting member. 

5. A device for transmitting rotational power according 
to daim 1 in which the weakened portion is pro- 
vkied in both the first and second hoUer members. 

6. A device for transmitting rotational power according 
to daim 1 in wfiich the weakened portion indudes a 
slit provkied in at least one off the first and second 
holder members. 

7. A device for transmitting rotational power according 
to daim 6 in which the elastic connecting merTi>er 
comprises a plurality of Mastic connecting mem- 
bers adhered to one of the first and second hokier 
members; 

the elastic connecting menft)ers being disen- 
gaged from the second or first hokier menrto 
t>y the deformation thereof when the torque 
exceeds a predetermined cutoff torque level; 
arxi 

the slit t>eing disposed in the first or second 
hoUer member t>etween the elastic connecting 
members. 

8. A devk^e for transmitting rotational power according 
to daim 6 in which the slit is provkled one off the 
holder members which engages the outer perf}h- 
ery off the elastic connecting member, the silt 
inducBng a bridge portion extending between the 
edges thereof. 

9. A devk:e for transmitting rotational power aocorcfing 
to daim 8 in which the elastic connecting member 
comprises a plurality of elastic connecting mem- 
bers adhered to one of the first and second holder 
members; 

the elastic connecting members t>eing disen- 
gaged from the second or first hokier member 
by the deformation thereof when the torque 
exceeds a predetermined cutoff torque len/el; 
and 

the slit being disposed in th first or second 
hokier menft>er t>etween the elastic connecting 
members. 
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10. A device for transmitting rotational power acoording 
to claim 1 1 in which the elasb'c connecting member 
comprises a elastic connecting member in th form 
of a ring adhered to one of the first and second 
holder members; and s 

the elastic connecting menrt>er being disen- 
gaged from the second or first holder member 
the deformation thereof when the torque 
exceeds a predetermined cutoff torque lei^el. io 

11. A dem^e for transmitting rotational power according 
to claim 1 in which the elastic connecting member 
includes at least a pair of radially outwardly convex 
portions and a radially outwardly concave portion is 
provided k)etween the pair of the convex portions; 

the pair of the convex portions defining at least 
a front, relative to the rotational direction, foot 
portion opposite to the concave portion; 20 
at least one of the first and second holder 
members including at least a radially outwardly 
concave portion engaging the concave portion 
of the elastic connecting member, and at least 
a front, relative to the rotational direction, foot ^ 
portion engaging the front foot portion of the 
elastic connecting member; and 
the engagement between tiie concave portions 
of the elastic connecting member and one of 
flie first and second holder memk>ers providing 30 
a first torsional spring coefficient, and the 
engagement between the foot portions of the 
elastic connecting memt>er avti one of the first 
and second holder members providing a sec- 
ond torsional spring coefficient, the combina- ss 
tion of the torsional spring coefficients 
providing a relatively high overall torsional 
spring coefficient at a relatively low rotational 
speed of the drive shaft and a relatively low tor- 
sional spring coeffictent at a relatively high 40 
rotational speed of the drive shaft 

12. A device for transmitting rotational power from a 
rotational power source to a driven device having a 
drive shaft, the device for transmitting rotational 45 
power comprising: 

at least one elastic connecting ment)er defin- 
ing outer arxi inner peripheral surfaces; 
a first holder member, for holding the at least so 
one elastic connecting memtier at the radially 
outer or inner periphery off the at least one elas- 
tic connecting member, the first holder member 
being connected to the drive shaft; and 
a second holder memt>er for holding the at ss 
least on elastic connecting member at the 
radially inner or outer periphery of the at least 
one elastic connecting member, the second 



holder member being operatively connected to 
the rotational power source; 
the first and second holder members radially 
cooperating with each other to drcumferentially 
hold the at least one elastic connecting mem- 
ber during normal operation to transmit tiie 
rotation, and being disconnected by the defor- 
mation of the at least one elastic connecting 
member when the torque on the drive shaft 
exceeds a predetermined cutoff torque level; 
the elastic connecting member includes at 
least a pair of radially outwardly convex por- 
tions and a radially outwardly concave portion 
provided k>etween the pair of the convex por- 
tions; 

the pair of the convex portions defining at least 
a front relative to the rotational direction, foot 
portion opposite to the concave portion; 
at least one of the first and second holder 
meiTfoers mduding at least a radially outwardly 
concave portion engaging the concave portion 
of the elastic connecting member, and at least 
a front relative to the rotational direction, foot 
portion engaging the front foot portion of the 
elastic connecting member; and 
the engagement between the concave portions 
of the elastic connecting member arxi one of 
the first and second holder members providing 
a first torsional spring coefficient and the 
engagement tielween the fbot portions of the 
elastic connecting member arxJ one of the first 
and second holder members providing a sec- 
ond torsional spring coefficient, the comtxna- 
tion of the torsional spring coefficients 
providing a relatively high overall torsional 
spring coefficient at a relatively low rotational 
speed of the drive shaft arxJ a relatively low tor- 
sional spring coefficient at a relatively high 
rotational speed of the drive shaft 

13b A device for transmitting rotational power according 
to daim 12 in which ttie elastic connecting member 
has a radial width at the radially outwardly convex 
portions larger than ttiat at the foot portion. 

14. A device for transmitting rotational power »xx>rding 
to daim 13 in v^ich the elastic connecb'ng member 
comprises a plurality of elastic connecting mem- 
t)ers adhered to one of the first and second holder 
menfoers; and 

the elastic connecting members being disen- 
gaged from the second or first holder member 
by tiie deformation thereof when the torque 
exceeds a predetermined cutoff torque level. 

1 5. A device for transmitting rotational power according 
to daim 11 in which the elastic connecting member 
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comprises a elastic connecting member in the form 
of a ring adhered to one of the first and second 
holder members; and 

the elastic connecting member being disen- 
gaged from the second or first holder member 
by the deformation thereof when the torque 
exceeds a predetermined cutoff torque level. 
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